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Abstract 
Earthquake-damaged reservoir’s comprehensive evaluation involves many factors, which are related to each other. 
Four reservoirs in Sichuan Province were chosen, using principal component analysis for assessment. First the data 
were standardized, and correlation matrix was got. Then the principal component and its weight were confirmed. 
Principal component’s score and total score were received. Finally earthquake-damaged reservoir’s risk grades were 
determined and they could be ordered. Once emergency happens, the reservoirs’ grades will be dam-break danger, 
high-risk, secondary high-risk and slight danger. The result will be objective and reasonable, and earthquake-
damaged reservoirs can be assessed easily, providing technical support for earthquake-damaged reservoir’s 
management. 
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1. Introduction 
Last year a great earthquake happened in Sichuan Province, which influenced all over the world. There 
were 6,678 reservoirs built in Sichuan Province. Wenchuan earthquake damaged the reservoirs in various 
degree, among them about 1,996 reservoirs were spoiled, about 30% of the total. They were in 17 cities 
and 96 towns [1]. Earthquake-damaged reservoirs have so large distribution range, and so serious risk. 
After the reservoirs’ check, earthquake-damaged risk grades were divided in four grades: dam-break 
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danger, high-risk, secondary high-risk and slight danger [2]. Based on the four grades standard, principal 
component analysis theory was used into earthquake-damaged reservoir’s comprehensive evaluation, and 
the quantitative value was got, which could present earthquake-damaged reservoir’s risk. It would also 
give some help for the earthquake-damaged reservoir’s evaluation. 
2. Earthquake-damaged comprehensive evaluation indexes 
Earthquake-damaged reservoir’s spot inspection and comprehensive analysis were carried out. 
According to evaluation’s completeness and direction, 15 evaluation indexes were picked up among six 
aspects, which were dam cracks, dam slope, dam deformation, dam seepage, outlet structure damage and 
other damage [3]. 
(1) Dam cracks. The cracks are a sign of the dam risk. So dam crack is an important index that reflects 
earthquake-damaged reservoir level, and it contains four factors, which are Cracks’ maximum length X1, 
maximum breadth X2, maximum depth X3, and Cracks’ amount X4. 
(2) Dam slope. The reasons leading to dam overtopping are very complicated. But in most cases, dam 
slope is one reason. For earthquake-damaged reservoir, total slope area ratio X5 and maximum slope area 
ratio X6 were chosen to assess dam slope. 
(3) Dam deformation. Excessive deformation will threaten dam safety. The evaluation indexes contain 
the ratio between maximum sinkage and dam height X7 and the ratio between maximum displacement 
and dam height X8. 
(4) Dam seepage. Dam seepage status is one aspect of the dam operational state, which can be 
measured by piping effect level X9 and spreading soaking level X10. 
(5) Outlet structure damage. Outlet structure mainly consists of spillway and sluice tunnel, so the 
indexes are spillway damage X11 and sluice tunnel damageX12. 
(6) Other damage. This factor embodies a concentrated expression of crest facilities damage X13, 
monitor facilities damage X14 and hydropower station damage X15. 
3. Indexes classification and the explanation of threshold values 
Four grades standard were used in this paper. For earthquake-damaged reservoir’s quantitative 
assessment, qualitative description should translate into quantitative analysis. Classifying the indexes 
according to the risk grades, as in Table 1: 
Table 1. Earthquake-damaged reservoir’s evaluation indexes classification 
Indexes Dam-break Danger（3，4 High-risk（2，3 Secondary High-risk（1，2 Slight Danger（0，1 
Piping Effect 
Level Particularly serious Serious Relatively serious Slight 
Spreading 
Soaking Level Particularly serious Serious Relatively serious Slight 
Spillway Damage 
Level Particularly serious Serious Relatively serious Slight 
Sluice Tunnel 
Damage Level Particularly serious Serious Relatively serious Slight 
Crest Facilities 
Damage Particularly serious Serious Relatively serious Slight 
Monitor Facilities 
Damage Particularly serious Serious Relatively serious Slight 
Hydropower 
Station Damage Particularly serious Serious Relatively serious Slight 
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4. Principal component analysis method 
Principal Component Analysis method makes use of reducing dimensionality. The original ones are 
assembled into new ones which have no relation with each other and several comprehensive indexes are 
chosen to reflect the original information [4]. 
4.1. Evaluation steps 
1. The original data are standardized: 
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  . Then the standardized data’s correlation matrix is 
calculated and its eigenvalues and eigenvectors are sought [5]. Ordered 0R I  , eigenvalues , 
eigenvectors contribution rate and accumulate contribution rate are got. 
2. The former m (m<p) principal constituent 1 2, , ..., mF F F  were chosen. Their accumulate contribution 
rate isn’t less than 85% and eigenvalues [6] are more than 1. Then total value is got, which is: 
1 1 2 2 m mY F F F      . Here ( 1, 2, , )i i m  is i principal constituent’s variance contribution 
rate [7]. 
4.2. Earthquake-damaged reservoir’s comprehensive standard 
4.2.1. Data arranging 
According to expert’s quantitative value and the data in Table 1, the result is shown in Table 2, which 
is showed in the next page. 
4.2.2. Confirming the principal component  
The data in Table 2 were standardized, which were translated into standard normal distribution indexes. 
Furthermore the correlation matrix’s eigenvalue and corresponding eigenvector were got through 
calculating and the first constituent’s contribution rate is 95.09%. According to the principle of the 
method, the first one is chosen to be the new index and its eigenvector is [0.1377, -0.5591, 0.1942, -
0.1899, -0.6670, -0.0329, 0.1790, 0.1954, 0.1066, 0.1066, 0.1066, 0.1066, 0.1066, 0.1066, 0.1066] T. 
4.2.3. Principal component value and total value 
The principal component value is: 
14 15
1 2 3 4 5 6 7
8 9 10 11 12 13
0.1337 0.5591 0.1942 0.1899 0.6670 0.0329 0.1790
0.1954 0.1066 0.1066 0.1066 0.1066 0.1066 0.1066 0.1066
F X X X X X X X
X X X X X X X X
      
       
 
The final value is 0.9509Y F . 
Here X1 to X15 separately mean 15 indexes in Table 3.Risk grades’ final values are shows in Table 3, 
which is also showed in next page. 
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Table 2. Earthquake-damaged reservoir’s comprehensive evaluation qualitative control list 
Risk grades Dam-break Danger High-risk Secondary High-risk Slight Danger 
Cracks’ Maximum 
Length（m） 400 50 20 5 
Cracks’ Maximum 
Breadth（mm） 500 200 50 10 
Cracks’ Maximum 
Depth（mm） 6000 1000 300 50 
Crack Amount
（strip） 100 50 20 5 
Total Slope Area 
Ratio（%0） 
400 200 50 10 
Maximum Slope Area 
Ratio（%0） 
400 100 25 5 
The Ratio between 
Maximum Sinkage and 
Dam height（%0） 
30 5 1 0.1 
The Ratio between 
Maximum Displacement 
and Dam height（%0） 
36 3 0.5 0.05 
Piping Effect Level 4 3 2 1 
Spreading Soaking 
Level 4 3 2 1 
Spillway Damage 
Level 4 3 2 1 
Sluice Tunnel 
Damage Level 4 3 2 1 
Crest Facilities 
Damage 4 3 2 1 
Monitor Facilities 
Damage 4 3 2 1 
Hydropower Station 
Damage 4 3 2 1 
Table 3. Earthquake-damaged reservoir’s comprehensive evaluation standard 
Risk Grade Dam-break Danger High-risk Secondary High-risk Slight Danger 
Total value Y   0.4084 -0.00981 -0.0501 -0.1578 
5. Case study analysis 
5.1. Data collecting 
Four reservoirs were chosen. Their values are shown in Table 4. 
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Table 4 Four reservoirs’ assigned list 
reservoir name Jiulingyuan Dayanggou Wutong Yinhe 
Cracks’ Maximum 
Length（m） 39 70 75 10 
Cracks’ Maximum 
Breadth（mm） 120 80 20 13 
Cracks’ Maximum 
Depth（mm） 2000 120 100 60 
Crack Amount
（strip） 10 5 4 1 
Total Slope Area 
Ratio（%0） 
38.4 176 0 0 
Maximum Slope Area 
Ratio（%0） 
10 176.5 0 0 
The Ratio between 
Maximum Sinkage and 
Dam height（%0） 
18 1.4 0.37 0.07 
The Ratio between 
Maximum Displacement 
and Dam height（%0） 
11 1.7375 0.1625 0.045 
Piping Effect Level 2.5 2 1.5 1 
Spreading Soaking 
Level 2.5 2 1.5 1 
Spillway Damage 
Level 3 2.5 2 1.5 
Sluice Tunnel 
Damage Level 2 2.5 1.5 1 
Crest Facilities 
Damage 3.5 3 2.5 1.5 
Monitor Facilities 
Damage 0 0 0 0 
Hydropower Station 
Damage 0 0 0 0 
5.2. Determining the principal component 
 Intimidating the previous procedure, the correlation matrix eigenvalue and corresponding eigenvector 
were got. The frontal two principal constituents’ accumulate contribution rates are 73.87% and 94.08%, 
so they are chosen to be the new indexes, and their eigenvectors are [-0.1879, -0.0776, -0.9057, 0.1057, -
0.0036, 0.0008, 0.1220, 0.1237, 0.1158, 0.1158, 0.1112, 0.1156, 0.1094, 0.1274, 0.1274]T and [-0.0296, -
0.1301, 0.1803, 0.1164, -0.6281, -0.6333, 0.1244, 0.1218, 0.1251, 0.1251, 0.1255, 0.1229, 0.1241, 0.1278, 
0.1278]T. 
5.3. Principal component value and total value 
The principal components values are: 
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1 1 2 3 4 5 6 7
8 9 10 11 12 13 14 15
0.1879 0.0776 0.9057 0.1057 0.0036 0.0008 0.1220
0.1237 0.1158 0.1158 0.1112 0.1156 0.1094 0.1274 0.1274 ,
F X X X X X X X
X X X X X X X X
       
       
and 
2 1 2 3 4 5 6 7
8 9 10 11 12 13 14 15
0.0296 0.1301 0.1083 0.1164 0.6281 0.6333 0.1244
0.1218 0.1251 0.1251 0.1255 0.1229 0.1241 0.1278 0.1278 .
F X X X X X X X
X X X X X X X X
       
       
 
The final value is 
1 2
0.7387 0.2021Y F F  . 
Here X1 to X15 separately mean the four reservoirs’ cracks’ 15 indexes in Table 4 and total values are 
shown in Table 5: 
Table 5. Four reservoirs’ total scores based on principal component analysis method 
Reservoir’s name Jiulingyuan Dayanggou Wutong Yinhe 
Total value Y   0.5011 -0.0688 -0.4251 -1.5732 
According to principal component analysis method theory, the total is more, the risk is more serious. 
So the four reservoirs risk level’s order is Jiulingyuan, Dayanggou, Wutong, Yinhe. 
6. Conclusion 
The statistical data often show the same information repeatedly in earthquake-damaged reservoir 
comprehensive assess, and the factors’ changes are different in normal and abnormal situations. It takes 
troubles to assess the reservoir. But principal component analysis method can solve the problem 
effectively. It takes out the least information to reduce dimension, and substitutes the little variables to the 
original ones. It is reasonable and objective to determine the factors’ weight by contribute rate. In the case 
study, the method can evaluate earthquake-damaged reservoir better, and it will have a wonderful 
application prospect in earthquake-damaged evaluation. 
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